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EFFECTS OF ABANDONED MULTIPLE SEAM 
WORKINGS ON A LONGWALL IN VIRGINIA 

By Gregory J. Chekan,1 Rudy J. Matetlc,1 and David L. Dwyer 

ABSTRACT 

In order to reduce waste and improve resource conservation, mine planning, and development, the 
U.S. Bureau of Mines is investigating multiple seam interactions associated with longwall mining. 
Longwall gate entry and panel stability have been influenced by previous mining in coalbeds above and 
below a mine in Virginia that operates in the Lower Banner Coalbed. Directly superjacent, 
approximately 115 ft, the Upper Banner Coalbed has been partially worked by room-and-pillar mining. 
Directly subjacent, approximately 730 ft, the Tiller Coalbed has been worked by partial room-and-pillar 
retreat mining. The study mine has experienced problems during development of gate entries in areas 
of overmining and undermining. It is anticipated that stress fields associated with adjacent mining may 
further affect gate entry stability and face advancement during the extraction of the longwall panel. 

To assess overmining and undermining effects on ground stability, the Bureau gathered geotechnical 
information at the site. Headgate entries and pillars were instrumented and monitored to study loading 
behavior as the longwall face approached and passed potential problem areas. Measurements indicate 
that although increases in average pillar pressure were greater than predicted values, previous mining 
in adjacent coalbeds had little effect on headgate stability. 

lMining engineer. 
2Engineering technician. 
Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh, PA. 
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INTRODUCTION 

In the Eastern Coal Region, over 70 billion tons of min­
able reserves lie in a multiple seam configuration (1).3 
Historically, room-and-pillar mining has dominated eastern 
coal production. Coalbeds were mined in no particular 
order, as seam sequencing was based primarily on owuer­
ship, availability, and economics, with little concern for the 
conservation of adjacent coals. Longwall mining technol­
ogy has increased coal production, but the stress fields and 
fracturing induced by workings in other vertically adjacent 
seams can slow gate road development and longwall pro­
duction, increasing the risk of mining. 

Interactions between adjacent coalbeds due to under­
mining and overmining are documented in various case 
and model studies (2-13). Undermining results in the sub­
sidence of overlying coalbeds and is most damaging when 
panel width is subcritical to critical. The magnitude and 
extent of damage depend upon the height of the fractured 
zone, which is defined by the angle of draw and the geo­
logic and physical properties of the strata. Depending on 
the uniformity of extraction, empirical studies (7-8) approx­
imate the fracture zone to range between 30 and 50 times 
the mining height. Coalbeds within 10 to 15 times the 
mining height may suffer severe damage. Beyond this 
range, the strata tend to remain intact and sag uniformly, 
resulting in a relatively destressed area at the point of 
maximum subsidence. Most ground problems in overlying 
coalbeds occur near the boundaries of the subsidence 

trough where tensile and compressive stresses form be­
cause of strata flexure. As mining develops through this 
trough, these stresses can cause instability in the mine 
structure, particularly the roof (2-4, 10-12). 

Overmining may result in the transfer of load to pillars 
and entries in underlying operations. This interaction has 
been documented in workings separated by hundreds of 
feet (2-5), but occurs particularly when the overburden-to­
innerburden ratio exceeds 10:1 and the innerburden is of 
a shale composition and less than 110 ft thick (5). Prob­
lem areas are usually located subjacent to pillar and/or 
gob lines or large isolated barriers in the upper seam. The 
stress fields induced in these areas concentrate in the 
innerburden and, depending on their magnitude, may 
cause instability in one or both operations. 

The production potential of longwalls makes this mining 
method very economically attractive. As the number of 
longwall operations increases, the likelihood of encounter­
ing subjacent and superjacent workings will increase as 
well. Few attempts have been made in the field to docu­
ment the effects of overmining and undermining on long­
wall development. To conserve national resources, the 
Bureau conducted this research to gain insight into the 
effects of multiple-seam workings on longwall operations. 
Eventually, this knowledge will lead to improvements in 
longwall planning, design, and production. 

MINE LOCATION AND GEOLOGY 

The study mine is located in Dickenson County, VA, as 
showu in figure 1, and is operating in the Lower Banner 
Coalbed. Directly superjacent, 115 ft, and subjacent, 730 
ft, the Upper Banner and Tiller Coalbeds have been 
worked using partial room-and-pillar retreat mining. A 
generalized stratigraphic column of the study area is showu 
in figure 2. Figure 3 shows an overburden isopach map 
above the study longwall panel, which is the second panel 
to be extracted at this mine. Overburden above the 
headgate entry ranges from 480 to 740 ft and consists 
predominately of interbedded shales and sandstones. The 
innerburden between the Upper and Lower Banner 
Coalbeds consists predominantly of gray shales. The 
innerburden between the Tiller and Lower Banner 
Coalbeds consists of interbedded shales and sandstones. 
Other site-specific information is given in table 1. 

SHalie numbers in parentheses refer to items in the list of references 
preceding the appendix at the end of this report. 
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TENNESSEE NORTH CAROLINA 

Figure 1.-Locatlon of study mine. 
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Figure 3.-0verburden above longwall panel showing instrumented area. 

Table 1.-Slte-speciflc coal bed Information 

Tilier Lower Banner Upper Banner 

Mining status ...........•.......•....... Nonactivel Active Nonactive2 

Mining method ......................... . RP LW RP 
Av mining height ................... in .. 63 46-48 80 
Av entry width ..................... ft 20 20 20-22 
Av pillar dimension . . . . . . . . . . . . . . . . .. ft 60 by 60 60 by 80 40 by 80 
Longwali panel width ................ ft NAp 550 NAp 
Longwali panel length ............... ft NAp 3,960 NAp 

NAp 3,880 NAp 
NAp 915 NAp 

Coal characteristics, psi: 
Cubical specimen stren~th (qi .. , ....... . 
In situ coal strength (q c) ...•..... " ... ,. 

LW Longwali. lClosed in 1970. 
NAp Not applicable. 2Closed In 1948. 
RP Room and pillar. 3See appendix. 
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LOCATION OF INSTRUMENTATION 

The area selected for instrumentation along the head­
gate entry is shown in figure 3. Overhurden in this area 
ranges from 540 to 580 ft. Figures 4 and 5, respectively, 
show the overmining in the Upper Banner Coalbed and 
undermining in the Tiller Coalbed superimposed on the 
10ngwaU panel. The instrumentation is located in an area 
where overmining and undermining leave "transition 
zones," which are the dividing lines between support pillars 
and gob. It was anticipated that the stress fields associated 
with these zones would complicate the longwall front and 
side abutments, increasing the average load on the head­
gate pillars. 

Two types of instruments were installed in this area 
of the headgate-convergence stations and borehole plat­
ened flat jacks (14). Convergence stations were used to 
measure entry convergence and consist of two reference 
pins, one in the roof and one in the floor, between which 

measurements are made with a tube extensometer. 
Twenty-three stations were installed in the headgate and 
their locations are shown in figure 6. 

Borehole platened flat jacks or BPF's are used to mea­
sure increases and decreases in pillar pressure. The BPF 
is a simple and inexpensive instrument consisting of a 
copper flat jack positioned between two aluminum platens. 
The device is installed in a 2-in-diameter borehole in the 
pillar, and the flat jack is inflated with hydraulic oil to a 
predetermined setting pressure. The BPF can be oriented 
in the borehole to measure pressure change in any direc­
tion. Figure 7 shows a schematic of the BPF installed in 
a coal pillar. Thirty-six BPF's were installed in six selected 
pillars as shown in figure 8. Six BPF's were installed 
across the half width of each pillar at depths ranging from 
5 to 30 ft in 5-ft spacings. All BPF's were oriented to 
measure vertical changes in pillar pressure. 

First ponel .,tracted 

40- by ao-ft pillar. 

Ins,rumented 
area 

r·~~~~~-_~ ____ M - .. -- ~~ -- ~~ 

[]~ 

Figure 4.-0verlay of Upper Banner room-and-plllar workings on Lower Banner longwall panel. 

first pooel extracted 

~Irection of mlnlnQ 

Figure 5.-0verlay of Tiller room-and-pillar workings on Lower Banner longwall panel. 
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RESULTS 

As shown in figures 4 and 5, room-and-pillar mining in 
both the Upper Banner and Tiller C6albeds was extensive, 
with limited areas along the headgate and panel that were 
not influenced by mining either above or below. The 
headgate and panel were 85 pct undermined as workings 
extended almost the entire length of the panel except for 
the last 450 ft. Overmining extended over the entire head­
gate and panel with about 45 pct of the coal left in 40- by 
80-ft pillars. Therefore, since a control area of noninter­
ference could not be established for instrumentation, a 
comparative analysis of measured headgate loadings could 
not be conducted. Instead, instruments were positioned in 
potential problem zones to assess measured headgate loads 
versus predicted values. 

PREDICTING HEADGATE PILLAR LOAD 

Gate entry pillars experience three separate sets of 
loading during their lifetime. The first loading occurs 
during headgate development and is a result of the weight 
of the overburden supported by the pillar. A second 
headgate loading results from the front and side abutment 
as the longwall approaches and passes the pillar. A third 
loading results in the tailgate during the extraction of a 
second, adjacent panel. One method for estimating the 
first and second headgate load is based on the tributary 
area method (TAM) and the concept of the abutment 
angle (15). The development load per unit length of gate 
entry is represented by the following equation: 

where 

and 

H 

(1) 

development load per unit length of 
entry, lb 1ft, 

depth of cover, ft, 

= the total width of the pillars across the 
gate entries, ft, 

n = the number of gate entries, 

gate entry width, ft, 

average unit weight of overburden, 
160 lb/fe. 

The side abutment is defined as the additional load 
supported by the pillar after the face has passed. The load 
per unit length of gate entry is represented by the 
following equation: 

Ls = H (tan f3h 12, (2) 

where Ls side abutment load per unit length of 
gate entry, lblft, 

H depth of cover, ft, 

f3 the abutment angle, 21° (15), 

and 'Y average unit 
160lb/fe. 

weight of overburden, 

The front abutment is defined as the average load in­
crease experienced by the pillar when the longwall face is 
parallel to that pillar. It is represented by the following 
equation: 

where 

and 

(3) 

front abutment load per unit length of 
gate entry, lblft, 

F front abutment factor, 0.51 (15), 

side abutment load per unit length of gate 
entry, Ib/ft. 

To convert these linear loads (Lt, Ls' Lr) from pound per 
foot to a load per unit area, pound per square inch, the 
following equation is used: 

where 

and 

at = average stress on pillar after develop­
ment, psi, 

average increase in pillar stress due to 
the front abutment, psi, 

average increase in pillar stress due to 
the side abutment, psi, 

overburden load, Iblft, 

side abutment load, lb 1ft, 

front abutment load, lb 1ft, 

C crosscut spacing, ft, 

~t the total area of the pillars, ft2. 



Table 2 lists the values for 0'. and at> in the instru· 
mented area of the headgate, and the values of other vari· 
abies in equations 1, 2,3, and 4. The 0'. and at values do 
not take into account the development stress (at), sup· 
ported by the pillar, and therefore represent additional 
loads. 

Table 2.-Predlcted longwall abutment stresses In study area 

Depth of oover (H) , .... ,.......... . . . . • . .. ft .. 
Number of gate entries (n) ••••................... 
Total width of pillars aoross gate entries N'lpt) • • •• ft 
Gate entry width N'I ~ . . . . . . . . . . . . . . . . . . . . .. ft 
Crosscut spaoing (C, ...•.................. 11 
Total area of pillars ('\t) .................... It 
Overburden load (LJ ................. 107 1b/ft 
Side abutment load (LJ ............... 106 1b/ft 
Front abutment load (Lr) •••••••......•. 106 1b/ft 
Av stress on pillar after development (0",) ..•••• psi 
Av increase In pillar stress·· 

From sIde abutment load (as) ••.•••....... psi 
From front abutment load (aJ . . . . . . • . . . . .. psi 

CONVERGENCE STATIONS 

570 
3 

120 
20 

100 
9,600 

1.46 
9.97 
5.08 

1,060 

720 
370 

To assess the effects of subsidence, caused by under­
mining, on headgate stability in the transitio~ area, con· 
vergence stations were utilized. Case study and model 
analysis (7-8, 12) have shown that undermining usually 
results in poor roof conditions in the upper workings. 
Empirical studies (7-8) estimate the subsidence fracture 
zone to range between 30 to 50 times the mining height. 
Coalbeds within this range may experience some inter­
action, increasing the risk and cost of development. In this 
case, the active workings lie well beyond this range as the 
Tiller Coalbed is approximately 63 in thick with 730 ft of 
innerburden to the Lower Banner Coalbed. The headgate 
experiences minimal roof problems during development 
and generally remained in good condition until approach 
of the longwall face. 

Convergence measurements were initiated when the 
longwall face was 400 ft approaching station 1. Figures 9, 
10, and 11 graph cumulative convergence versus longwall 
face position for selected stations across the width of the 
headgate. The graphs show that convergence rates in­
creased once the face passed a particular station (denoted 
by longwall face position of Oft). The observation is 
especially evident for stations 6, 10, and 14 located in 
crosscuts closest to the panel. Roof conditions slowly 
deteriorated as the longwall face advanced but remained 
in good condition until the face was over 1,000 ft past the 
instrumented area. 

Table 3 lists the final convergence readings after which 
roof conditions were considered too poor to continue mon­
itoring. Figure 12 plots the convergence contours based on 
these final readings. These contours show convergence to 
be maximum in entries closest to the longwall panel but 
gradually decreasing across the headgate width. Both the 
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Figure g.-Cumulative convergence versus longwall face 
pOSition for stations 6, 7, and 8. 
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Figure 10.-Cumulatlve convergence versus longwall face 
position for stations 10, 11, and 12. 
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Table 3.-Flnal convergence for stations 1 through 23 immediate roof and floor were composed of a black, fine­
grain shale several feet thick, overlain and underlain by 
thicker, more competent sandstone units. Although no 
instruments were used to differentiate between roof sag 
and floor heave, it appeared that most convergence was a 
result of roof sag. The floor remained intact and in good 
condition well after passage of the .1ongwall face, but the 
roof was highly fractured with the immediate shale top 
falling in many areas. 

Convergence 
station 

1 ......... 
2 ......... 
3 ......... 
4 ......... 
5 ......... 
6 ......... 
7 ......... 
8 ......... 
9 ......... 
10 ........ 
11 ....... . 
12 ........ 
13 ........ 
14 ........ 
15 ........ 
16 ....... . 
17 ........ 
18 ., ...... 
19 ........ 
20 ........ 
21 •••••• I' 

22 ........ 
23 ........ 

Longwall 
face position 
past station, 

ft 
1,600 
1,540 
1,540 
1,540 
1,500 
1,440 
1,440 
1,440 
1,400 
1,340 
1,340 
1,340 
1,300 
1,240 
1,240 
1,240 
1,200 
1,140 
1,100 
1,040 
1,040 
1,040 
1,000 

Final 
convergence, 

in 

0.522 
1.712 
.829 
.519 

1.511 
2.807 
2.358 

.649 
1.604 
2.063 
1.342 
.593 
.785 

2.175 
1.389 
.470 

1.477 
1.921 
1.179 
1.734 
1.456 
.572 
.980 

Underground observation also noted that in subsided 
areas the front abutment would fracture the headgate roof 
20 to 30 ft in advance of the longwall face. This fracturing 
required the installation of supplemental supports (timbers, 
cribs, etc.), especially at intersections, to maintain stability . 
In the last 450 ft of the headgate, where no lower seam 
mining had taken place, the front abutment had a less 
severe effect on the roof and additional supports were not 
required . 

BOREHOLE PLATENED FLAT JACKS 

BPF's were installed to determine if overmining would 
affect the loading behavior of the headgate pillars during 
longwall panel extraction. Interactions between operations, 



as a result of pillar load transfer, are more likely to occur 
when innerburden is less than 110 ft and overburden-to­
innerburden ratio is 10:1 or greater. At this site, 
innerburden is 115 ft and overburden-to-innerburden ratio 
is 5:1. 

BPF readings were initiated when the longwall face was 
approximately 400 ft away and approaching pillars Pl and 
P2 and continued until the face was over 1,000 ft past 
pillars P5 and P6. Setting pressure for all 36 BPF's was 
1,000 psig. Calibration tests conducted on BPF's suggest 
that at this setting pressure, the change in BPF gauge 
pressure as it relates to changes in strata pressure is a 1:1 
ratio (14). Figures 13 and 14 graph the recorded pressure 
changes for BPF's 1 through 5, 7, and 9 through 12, as the 
longwall face approached and passed the first set of 
instrumented pillars, Pl and P2. The pressure changes 
shown in these graphs are similar in trend to the pressure 
changes that occurred in the other four instrumented 
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Figure 13.-BPF pressure Increase versus face position for 
pillar P1. 
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Figure 14.-BPF pressure Increase versus face position for 
pillar P2. 

11 

pillars. Typically, pressure increases were first detected 
when the longwall face was 200 ft away and approaching 
the instrumented pillar. Pressure continued to increase 
until the longwall face was 400 to 500 ft past the pillar, 
then gradually stabilized. 

Table 4 lists the final pressure increase readings for the 
36 BPF's and the average pressure increase experienced by 
each pillar due to the side abutment. These increases 
represent pressure changes over the initial setting pressure 
of 1,000 psig. Figures 15, 16, and 17 graph these final 
pressure increases versus the BPF position across the 
headgate width. 

Table 4.-Final pressure Increases for BPF's 1 through 36 

(BPF setting pressure, 1,000 psi g) 

Pillar 
and BPF 

P1: 
1 
2 
3 
4 
5 
6 

P2: 
7 
8 
9 
10 
11 
12 

P3: 
13 
14 
15 
16 
17 
18 

P4: 
19 
20 
21 
22 
23 
24 

P5: 
25 
26 
27 
28 
29 
30 

P6: 
31 
32 
33 
34 
35 
36 

Installation 
depth, ft 

30 } 25 
20 
15 
10 
5 

30 } 25 
20 
15 
10 
5 

30 } 25 
20 
15 
10 
5 

30 } 25 
20 
15 
10 
5 

30 } 25 
20 
15 
10 
5 

30 } 25 
20 
15 
10 
5 

Longwall face 
position past 

BPF,ft 

1,500 

1,500 

1,300 

1,300 

1,100 

1,100 

Pressure, psi 
Increase Av per 

pillar2 

{ 

200} 
1,000 
1,600 

1,~gg 
(1) 

{ 300 } (1) 
200 
900 
300 
200 

{ 

1,600 } 1,400 
1,200 
1,400 
1,400 

(1) 

200 

{ 

500} 
(1) 
(1) 

600 
1,000 

{ 

2,000 } 3,000 
1,000 

300 
1,000 
1,600 

{ m} 

900 

380 

1,400 

575 

1,480 

435 

1BPF Inoperable, 
20verall average for the 31 operable BPF's is 875 psi. 
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Figure 15.-Loading profile across headgate width due to side 
abutment load for pillars P1 and P2. 
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Figure 16.-Loadlng profile across headgate width due to side 
abutment load for pillars P3 and P4. 

The profiles in figures 15 through 17 show that pillars 
closest to the longwall panel, Pl, P3, and P5, absorbed 
most of the side abutment load. The average pressure 
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Figure 17.-Loadlng profile across headgate width due to side 
abutment load for pillars P5 and P6. 

increase in each of these three pillars, as shown in table 4, 
was greater than the predicted value of 720 psi. The load­
ing profiles also show that pillar pressure gradually de­
creased across the headgate width. The average pressure 
increase (table 4) for pillars P2, P4, and P6, located fur­
thest from the longwall panel, Were less than the predicted 
side abutment value. For the entire BPF array, the aver­
age side abutment load experienced by all six pillars was 
875 psi. This value is slightly greater than the predicted 
side abutment load of 720 psi. 

Research conducted at single seam longwall sites (16) 
has shown that stress across the pillar width is not always 
symmetric, but can be higher, specifically on the pillar side 
closest to the longwall panel. Because the pillars of this 
study were instrumented across their half width, the side 
abutment load may be greater than recorded values. 

PILLAR SAFETY FACTORS 

Additional loads imposed on pillars resulting from 
multiple seam mining and during longwall panel extraction 
can cause instability in the gate entries. This is particularly 
true if pillars are not properly designed with adequate 
safety factors to contend with this load transfer. There are 
many methods available for calculating pillar strength and 
resulting safety factors. Research has shown (17) that 
pillar strength is characterized by two effects: the shape 
effect and the size effect. The more commonly used pillar 
design formulas take these two factors into consideration. 
These methods account for the differences in the strength 
reduction between small size specimens tested in the 

laboratory and full size coal pillars mined in situ. From 
available pillar design methods the following four formulas 
are most applicable to room-and-pi1lar coal mines. 

Obelt-Duvall-

0p = 01 (0.778 + 0.222 w/h), (5) 

Holland-Bureau-

(6) 



Hol/and-Gaddy-

O'p = O'c/h (Dw) 1/2, 

Bieniawski-Pennsylvania State University-

O'p = 0'1 (0.64 + 0.36 w/h), 

where strength of mine pillar, psi, 

0' c cubical specimen strength, psi, 

(7) 

(8) 

0'1 in situ coal strength, psi (see appendix), 

and 

D side dimension of cubical specimen, in, 

h height of pillar, in, 

least width of pillar, in. w 

These formulas can be used in conjunction with at from 
equation 4 (which assumes the pillar to be gravity loaded 
only) to determine the pillar safety factors. 

Table 5 lists the safety factors for pillars P2 and PS, the 
lower and upper limit of measured pillar load (see table 
4). Safety factors after development are calculated by 
dividing the pillar strength (ali) by the development load 
(at). Safety factors after SIde abutment loading are 
calculated by dividing pillar strength (0'1;) by the measured 
load on pillar after side abutment loadmg. 

Pillar strength and safety factors for this analysis were 
derived by using the ultimate strength approach. This 
design method makes two assumptions: (1) pillar strength 
is related to the uniform, ultimate strength derived by 
scaling uniaxial strength values from laboratory specimens; 
and (2) an average pillar stress or load exists across the 
pillar in situ. Recommended safety factors for pillars de­
signed by this approach generally range between 1.5 and 
2.2 (17). Safety factors after development met this condi­
tion as values ranged from 2.8 to 5.2 for all four methods. 
For pillar P2, the lower limit of measured pillar load, the 
safety factors remained above 2.0 after side abutment 
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loading. For pillar P5, the upper limit of measured pillar 
load, safety factors as calculated by all four methods re­
mained above 1.0. 

Field studies that relate pillar stability to depth and 
innerburden thickness suggest that when overburden-to­
innerburden ratios exceed 10:1, the workings may be un­
stable. Site-specific variations in geology and mine geom­
etry will influence this ratio, but for the most part, case 
study documentation validates this trend, particularly when 
innerburden is less than 110 ft. Under these conditions, 
pillars designed with lower limit safety factors (1.5 or less) 
may experience instability because of stresses produced by 
mining in adjacent seams. 

For this study, overburden-to-innerburden ratio was 5:1 
and innerburden thickness was 115· ft. Safety factors for 
headgate pillars after development were within the recom­
mended range in the study area. Observations on ground 
conditions showed that the pillars experienced some slight 
rib spalting after side abutment loading, but remained 
intact and very stable even though longwall side abutment 
loads reduced the safety factors to near 1. 

Table 5.-Safety factors for pillars P2 and P6 

P2 P5 
Development load (at) ....... "., psi 
Average increase in pillar pressure due to 

, , 1,060 1,060 

side abutment ................ psi 380 1,480 
Estimated load on pillar after side 

abutment , , , , , , , , , , , , , , , , , , , , psi 1.440 2,540 
Pillar strength (ap) , psi (17): 

Obert-Duvall '" , , , , , , , , , , , , , .. , . , , , 3,760 3,760 
HQlland-Bureau .. , .. , ....... , , , , . , .. 3,540 3,540 
Holland-Gaddy ••••••••••••• , ••••• f" 3,070 3,070 
Bieniawski-Pennsylvanla State Unlv. I •••• 5,530 5,530 

Safety faotor after development (17): 
Obert-Duvall ....... , ............... 3.5 3.5 
Holland-Bureau , . . . . . . . ..... , ....... 3.3 3.3 
Holland-Gaddy ................... , , 2.8 2.8 
Bieniawski-Pennsylvania State Un Iv. ..... 5.2 5.2 

Safety faotor after side abutment 
loading (17): 
Obert-Duvall ••• ,. f •••• • •••••••••••• 2.6 1.5 
Holland-Bureau , .................... 2.4 1.4 
Hoiland-Gaddy .... : ..... , , ...... , , . 2.1 1,2 
Bieniawski-Pennsylvania State Univ, ..... 3.8 2,1 

CONCLUSIONS 

Accurate prediction' of mUltiple seam interactions can 
be difficult, especially when mine layouts are as geometri­
cally complex as in this study. Through careful premine 
planning and analysis, potential problem areas can be 
reasonably predicted and avoided if necessary. Geotech­
nical instrumentation for monitoring workings suspect of 
interaction is a feasible method for evaluating site-specific 

stability problems. Information such as rock strengths, 
entry convergence rates, and the characteristic loadings of 
pillars can be correlated with the geologic environment 
and determinations made concerning the extent and mag­
nitude of interaction. From this information, proper roof 
spans, pillar safety factors, and support requirements can 
be established, within reason, for maintaining stability. 
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From the research, the following site-specific conclu­
sions can be made. 

1. Load transfer due to the transition zone in the 
Upper Banner Coalbed had little effect on the side abut­
ment load as pillar were stressed slightly more than pre­
dicted values. Pillar P5 recorded the highest average in­
crease in pressure of 1,480 psi, twice the predicted value 
of 720 psi, but this did not influence overall headgate 
stability. The average pressure increase due to the long­
wall side abutment for the entire instrument array was 875 
psi. 

2. Using the ultimate strength approach, pillar safety 
factors exceeded recommended values. Safety factors after 
development ranged between 3.5 and 5.2, well over the 
upper limit of 2.2. Side abutment loading lowered these 
values near 1, but headgate pillars satisfactorily controlled 

abutment loads as well as any additional loads induced by 
overmining. 

3. Convergence measurements indicate that undermin­
ing in the Tiller Coalbed caused no appreciable damage to 
the Lower Banner workings. The headgate experienced 
minimal roof problems during development and remained 
in good condition until approach of the longwall face. 
Underground observation noted that in undermined areas, 
the front abutment would fracture the headgate roof 20 to 
30 ft in advance of the face, which required the installation 
of supplemental support to maintain headgate stability. In 
the last 450 ft of the headgate, where no undermining had 
taken place, roof fracturing due to front abutment loading 
was not apparent and supplemental supports were not 
required. 
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APPENDIX.-DETERMINATION OF IN SITU COAL STRENGTH (17)1 

Test specimens from the Lower Banner Coalbed were 
prepared from 2.2-in-diameter coal cores with a length-to­
width ratio of 2:1. The core specimens had an average 
unconfined uniaxial compressive strength, aspee, of 3,180 
psi. 

Research has shown the correction factor from the core 
strength, a.pee, to the strength of 2-in cubical specimen, ae, 
can be obtained through the following equation: 

where 

and 

ac = a spec [0.778 + 0.222 (l/D)], (A-l) 

a c = uniaxial compressive strength of 2-in 
cube specimen, psi, 

a spec uniaxial compressive strength of core 
specimen, psi, 

1 = length of core specimen, in, 

D = diameter of core specimen, in. 

• u.s. GOVERNMENT PRINTING OFFICE: 611-012/00,084 

T~erefore ae = 3,180 [0.778 + 0.222 (4.0/2.0)], or 3,880 
psI. 

Research has also shown that the scaling of coal 
properties from cubical specimens to the in situ coal 
strength value can be obtained through the following 
equation: 

where 

(A-2) 

in situ coal strength, psi, 

uniaxial compressive strength of a 2-in 
cube specimen, psi, 

and D = cube size dimension. 

Therefore a 1 = 3,880 (2/36y/2, or 915 psi. 

lUnderlined number in parentheses refers to items in the list of 
references preceding this appendix. 
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